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TITLE OF THE INVENTION 
Method and System for Routing Packets Without Losing Packets By 

Monitoring Outgoing Lines 
BACKGROUND OP TT-TF TNVFMTTDM 
Field Of the Tnventirm 

The present invention relates generally packet routing systems and 
more specifically to a method and a system for routing packets without 
loss of packets when they encounter a fault condition, 

Description of the Related \tf 
In the IP (internet protocol) network, each node of the network 
includes a router to determine a destination for incoming packets based on 
routing information stored in a routing table and forwards the packets to 
the destination. Line cards and associated transmission lines are 
duplicated to ensure continuity of service against possible faults. 
Specifically, when a failure is detected in an outgoing transmission line 
during the time a packet is being routed to that line, the packet is 
forwarded to the faulty line. The routing table is then updated so that 
traffic is directed to a duplicated normally operating route. However, 
during this updating process, packets are still forwarded to the failed 
route. Because of the delay associated with the table updating process, re- 
routing cannot be performed instantly when a fault is detected and hence a 
significant number of packets are lost. In addition, the fault-triggered table 
updating may represent a substantial amount of burden on the processor, 
delays are likely to occur in the routinely performed normal task of table 
updates, which would cause packets to be routed to undesired 
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1 destinations. 

2 SUMMARY OF THE INVENTION 

3 It is therefore an object of the present invention to provide a method 

4 and a system for instantly routing packets without losing packets when 

5 they encounter a fault condition. 

6 According to a first aspect of the present invention, there is 

7 provided a method of routing traffic from each of a plurality of incoming 

8 line cards to one of a plurality of outgoing line cards to which outgoing 

9 transmission lines are connected, comprising monitoring the outgoing 
10 transmission lines, communicating a fault indication to all of the incoming 

IH 11 line cards if a fault condition is detected in at least one of the outgoing 

12 transmission lines, and updating a routing table at each of the incoming 

13 line cards according to the fault indication so that packets from the 

14 incoming line cards are routed to normally operating outgoing 
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[t 15 transmission lines. 


p; 16 According to a second aspect, the present invention provides a 

17 packet routing system comprising a self-routing switch, a plurality of 

18 incoming line cards, connected to respective input ports of the self-routing 

19 switch, each incoming line card receiving an incoming packet, determining 

20 an output port of the self -routing switch based on an address contained in 

21 the packet by using routing information stored in a routing table, 

22 converting the packet into at least one intra-node cell of fixed data length 

23 and forwarding the cell to the switch so that the cell is routed to the output 

24 port, and a plurality of outgoing line cards, connected to respective output 

25 ports of the self-routing switch, each outgoing line card receiving intra- 

26 node cells from the self -routing switch, converting the cells into a packet, 
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forwarding the packet to an outgoing transmission line, monitoring the 
outgoing transmission line, and transmitting a fault indication to the 
incoming line cards if a fault condition is detected in the outgoing 
transmission line- Each of the incoming line cards is responsive to the 
fault indication for updating the routing table so that traffic from the 
incoming line cards is routed to a normally operating outgoing 
transmission line. 

BRIEF DESCRIPTION OF THE DRAWIGNS 

The present invention will be described in detail further with 
reference to the following drawings, in which: 

Fig. 1 is a block diagram of a network node incorporating a packet 
routing system of the present invention; and 

Fig. 2 is an illustration of the data format of the intra-node cells 
employed in the present invention. 

DETAILED DESCRIPTION 

In Fig. 1, there is shown a packet routing system of a network node 
according to the present invention. The routing* system comprises a 
plurality of incoming line cards 11-1 ~ 11-n respectively connected to 
incoming transmission lines 10-1 ~ 10-n for receiving packets from distant 
nodes. Incoming line cards 11 are connected to respective input ports of a 
self-routing switch 12. Self-routing switch 12 is designed to route 
incoming data units of fixed length to one of its output port according to 
the individual bits of routing information contained in the incoming data 
units. A plurality of outgoing line cards 13-1 ~ 13-m are connected to 
respective output ports of the self-routing switch 12. Each outgoing line 


NE-1059 


-4- 


1 card 13 is associated with a plurality of outgoing transmission lines 14 for 

2 transmitting outgoing packets to the associated lines. 

3 Each incoming line card 11 includes a cell assembler 20 where a 

4 received packet is segmented into at least one intra-node cell. Similar to 

5 the standardized ATM (asynchronous transfer mode) cell format, the intra- 

6 node cell is a data unit of fixed length. Unlike ATM, the intra-node cell has 

7 80 bytes of information including the cell header of 12 or 8 bytes 

8 depending on the type of cells as shown in Fig. 2. Packets are segmented 

9 into intra-node cells of different types depending on the location of the 

10 cells within the original packet such as a BOM cell (beginning of message), 

11 an EOM (end of message) cell and one or more COM (continuation of 

12 message) cells. The BOM/BOM and EOM cell headers are of 12-byte 

13 length containing a validity indication (indicating whether the cell is an 

14 idle or traffic cell), the cell type, and other indications including 

15 "reserved", "priority", "discard", "output queue length", "destination 

16 card", "destination line", "source card", "source line", "protocol type", and 

17 "payload length". The intra-node cell of these types has a payload of 

18 maximum of 68 bytes and a pad of 68-to 0 bytes depending on the length 

19 of the payload. The COM/EOM cell headers are of 8-byte length and the 

20 maximum payload length is 72 bytes. 

21 In each incoming line card, a processor 21 is provided in each 

22 incoming line card 11 for reading the address of the received packet before 

23 the packet is segmented and determines the destination output port by 

24 using routing information stored in a routing table 22. The routing 

25 information of the intra-node cells assembled by the cell assembler 20 are 
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translated in a header translator 23 according to the destination port 
determined by the processor 21 so that the translated routing information 
specifies a destination card which corresponds to the determined 
destination port and further specifies a destination line corresponding to 
one of the outgoing transmission lines 14 associated with the specified 
destination card. Intra-node cells are forwarded from the header translator 
23 to the switch 12 via the corresponding input port. The processor 21 of 
each incoming line card is further connected to an output port of the self- 
routing switch 12 to receive a fault indication from the outgoing line cards. 

Note that the self -routing switch 12 uses only the destination card 
number contained in the cell for routing it to the outgoing line card 13 that 
is connected to the determined output port. 

Each outgoing line card 13 includes an interface 30 having an input 
terminal connected to the corresponding output port of the switch 12. 
Interface 30 has a plurality of output terminals respectively connected to a 
plurality of packet assemblers 31-1 - 31-k, which are in turn connected to 
associated outgoing transmission lines 14. Interface 30 distributes intra- 
node ceils from the switch 12 to one of the packet assemblers 31 according 
to their routing information that specifies the destination line. Each packet 
assembler assembles intra-node cells into a packet of the original format by 
using their cell type information and forwards the packet to the associated 
outgoing transmission line. Each packet assembler monitors the 
associated transmission line and informs a line status indication to a fault 
monitor 32. Fault monitor 32 examines the line status indications from the 
packet assemblers 31 as well as the operating status of the interface 30 and 



NE-1059 

-6- 

1 the packet assemblers 31. If a fault condition occurs in the monitored 

2 units, the fault monitor 32 formulates and forwards an intra-cell packet 

3 identifying the faulty line or card to all the incoming line cards 11 via the 

4 self -routing switch 12. 

5 If a fault occurs in the transmission line 14-11, the fault monitor 32 

6 sends a fault indication cell through the switch 12 on paths 40 and 41 to the 

7 processor of all incoming line cards. In each incoming line card, the 

8 processor 21 responds to the fault indication cell from the fault monitor 32 

9 for updating the routing table 22 so that traffic from the incoming line card 

10 which would otherwise be routed to the faulty destination line 14-11 is 

11 routed to a normal destination line 14-lk, for example, via a path 42 of the 

12 switch 12, If the outgoing line card 13-1 should fail, traffic from the 

13 incoming line card 11-1 / for example, will be routed to a normally 

14 operating outgoing line card 13-m, for example, via a path 43 of the switch 

15 12. 

16 Since the outgoing lines and cards are constantly monitored and the 

17 routing information of the incoming line cards are instantly updated with 

18 a fault indication whenever a fault occurs on the monitored lines and 

19 cards, traffic from the incoming lines are automatically routed to normally 

20 operating outgoing lines. Thus, loss of packets which would otherwise 

21 occur when they encounter a fault condition can be avoided. 


